INTRODUCTION {#sec1-1}
============

Periodontal disease is an inflammatory event leading to progressive deterioration of the periodontal attachment apparatus, eventually causing tooth loss. Gingivitis is its mildest form, manifesting as inflammation of gingiva. The primary etiological factor causing periodontal disease is periodontal pathogens; however, multiple factors are involved in its pathogenesis. Oxidative stress is one of them; although it is not clear, whether it is a cause or consequence of the disease process.\[[@ref1]\] This is supported by scientific literature which demonstrated higher levels of oxidative damage products of DNA, lipids, and proteins\[[@ref2][@ref3]\] and lower level of antioxidant enzymes in chronic periodontitis inflammation.\[[@ref4][@ref5][@ref6]\]

Oxidative stress occurs; when during an inflammatory response, the reactive oxygen species (ROS) overwhelm the endogenous antioxidant defense system of body.\[[@ref7][@ref8]\] ROS is generated by polymorphonuclear leukocyte in the process of oxidative burst during phagocytosis. Inflammatory process could be attenuated by exogenous antioxidants in the form of dietary supplements which strengthens the body\'s antioxidant defense system. However, current evidence-based guidelines provide sparse recommendations for the nutritional management of participants with periodontal disease.

Lycopene is an effective natural antioxidant and most efficient biological carotenoid exhibiting highest physical quenching rate with singlet oxygen (twice as high as that of beta-carotene and ten times higher than that of α-tocopherol).\[[@ref9]\] It reverses the DNA damage induced by hydrogen peroxide. Serum and tissue lycopene levels are inversely related to chronic disease risk. Lycopene participates in a cascade of chemical reactions, protecting critical cellular biomolecules, including lipids, proteins, and DNA\[[@ref10]\] and believed to reduce the risk of cardiovascular disease, cancer, osteoporosis, and in some cases, even male infertility.\[[@ref9]\]

Green tea contains many polyphenolic components known as catechins such as epigallocatechin gallate (EGCG) and epigallocatechin, which possess higher antioxidant activity than Vitamin C and E. Their antioxidant action involves scavenging of ROS or chelation of transition metals while indirectly, they upregulate Phase II antioxidant enzymes.\[[@ref11]\] Catechin has been shown to inhibit the growth of *Porphyromonas gingivalis*, *Prevotella intermedia*, and *Prevotella nigrescens* and the adherence of *P. gingivalis* onto human buccal epithelial cells in *in vitro* studies.\[[@ref12]\] Recently, EGCG has been shown to downregulate the activity and expression of matrix metalloproteinases (MMPs) as MMP-2 and MMP-9 (collagenase and gelatinase) by suppressing the phosphorylation of extracellular signal-regulated kinase involved in mitogen-activated protein kinase pathway.\[[@ref13]\] In addition, green tea may restrict the bone loss in periodontitis patients as EGCG has been shown to inhibit the osteoclast formation and it induces the apoptotic cell death of bone-resorbing osteoclast cells in a dose-dependent manner.\[[@ref13]\] In the present study, we used a commercially available combination of 100% natural lycopene with green tea extract as an antioxidant supplement.

Uric acid (UA) is the major antioxidant in saliva with ascorbic acid being secondary and imparts approximately 70% of salivary total antioxidant capacity (TAC).\[[@ref14]\] It is a widely used biomarker to assess the antioxidant potential of body fluids and has displayed direct relation to periodontal health.\[[@ref15]\] The aim of our study was to investigate the influence of orally administered lycopene and green tea extract as an adjunct to scaling and root planing (SRP) in gingivitis patients by evaluating its effect on clinical parameters and salivary UA levels.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design {#sec2-2}
------------

This is a prospective, randomized, controlled clinical trial study. Thirty systemically healthy participants (age range 18--40 years) having generalized gingivitis with probing depth \<3 mm, plaque index (PI)\[[@ref16]\] \< 1, and no loss of attachment and bone loss assessed radiographically with orthopantomograph were enrolled for the study with no gender discrimination. Sample size was determined before the study by statistician. Ethical approval was obtained from the Institutional Review Board of college committee on human studies. All participants received detailed information on the study and informed written consent was read and signed, after fulfilling the selection criteria. Participants with systemic illness, having attachment loss, smokers, and who received antibiotics/antioxidant therapy in the past 3 months were excluded from the study. Females during puberty, ovulation, pregnancy, and lactation as elicited in history were ruled out as there is an increase in the production of sex steroid hormones which may represent gingivitis, increased bleeding on probing, gingival crevicular fluid flow, change in gingival microbial flora, and gingival enlargement.\[[@ref17]\]

Participants were randomly assigned equally (*n* = 15) into two groups (test and control) using lottery method. Full mouth SRP was performed in both the groups and oral hygiene instructions were given. Periodontal assessment at baseline 1 h after SRP was done with clinical parameters (modified Quigley-Hein PI\[[@ref18]\] and sulcular bleeding index \[SBI\]\[[@ref19]\]) by a single examiner. The modified Quigley-Hein PI provided a comprehensive method for evaluating plaque control procedures adopted by participants and SBI indicated gingival inflammation. Test group was prescribed, the commercially available anti-oxidant, CLIK^®^ (Idem Healthcare Pvt. Limited) containing natural lycopene (16 mg) with green tea extract (300 mg). The patient was instructed to take the capsule once daily for 45 days as per recommended dose. Postoperative clinical parameters and UA estimation in saliva samples were done after 45 days by the same examiner.

Clinical evaluation {#sec2-3}
-------------------

Modified Quigley-Hein PI (Turesky S *et al*.,)\[[@ref18]\] and SBI\[[@ref19]\] were recorded at six sites per tooth using a primary care provider University of North Carolina 15 periodontal probe (Hu-Friedy, Chicago, IL, USA) at baseline (1 h after SRP) and after 45 days.

Saliva collection {#sec2-4}
-----------------

Sample collection was done for both the groups at baseline and at 45^th^ day. From each patient, 5 ml of unstimulated saliva (to avoid dilution of saliva) was collected in sterile saliva collecting bottles by allowing saliva to passively flow into them \[[Figure 1](#F1){ref-type="fig"}\]. All samples were stored at 2°C--8°C in airtight containers.

![Labeled collection tubes for saliva sampling](JISP-23-25-g001){#F1}

Uric acid estimation {#sec2-5}
--------------------

UA estimation was carried by commercially available ELISA kit (Sincere^®^) \[[Figure 2](#F2){ref-type="fig"}\] according to the manufacturer\'s instruction, and readings were recorded through ELISA reader.

![ELISA kit (Sincere®) for uric acid estimation](JISP-23-25-g002){#F2}

Statistical analysis {#sec2-6}
--------------------

Data were analyzed with *t*-test, using SPSS software (PASW, Windows version 18.0). Intra- and inter-group differences were analyzed using paired and unpaired *t*-test, respectively.

RESULTS {#sec1-3}
=======

Intragroup comparison in both the groups as shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} revealed very highly significant (*P* ≤ 0.001) decrease in both modified Quigley-Hein plaque and SBI from baseline to 45 days. After treatment, very highly significant increase (*P* ≤ 0.001) in test group and significant (*P* ≤ 0.05) increase in control group were observed in salivary UA levels \[[Table 3](#T3){ref-type="table"}\].

###### 

Intragroup comparison of test and control group for modified plaque index immediately after scaling and root planing (baseline) and at 45^th^ day after scaling and root planing/antioxidant supplementation (posttreatment) by paired *t*-test

![](JISP-23-25-g003)

###### 

Intragroup comparison of test and control group for sulcular bleeding index immediately after scaling and root planing (baseline) and at 45^th^ day after scaling and root planing/antioxidant supplementation (posttreatment) by paired *t*-test

![](JISP-23-25-g004)

###### 

Intragroup comparison of test and control group for uric acid level (mg/dL) in saliva immediately after scaling and root planing (baseline) and at 45^th^ day after scaling and root planing/antioxidant supplementation (posttreatment) by paired *t*-test

![](JISP-23-25-g005)

Intergroup comparison between test and control group was done using unpaired *t*-test. The difference in mean scores of modified Quigley-Hein PI and SBI was significantly higher (*P* ≤ 0.001) in test group as compared to control group, depicting a greater improvement in gingival status of test than control group. Posttreatment salivary UA levels were significantly higher (*P* = 0.003) in the test group, demonstrating enhanced antioxidant profile and TAC on receiving systemic antioxidants compared to control group without antioxidant supplements \[[Table 4](#T4){ref-type="table"}\].

###### 

Intergroup comparison of mean changes in plaque index, bleeding index, and salivary uric acid level (mg/dL) from baseline to 45 days posttreatment by unpaired *t*-test

![](JISP-23-25-g006)

DISCUSSION {#sec1-4}
==========

Lycopene is the most predominant carotenoid in human plasma. It is an acyclic isomer of beta-carotene as it contains conjugated double bonds in high proportion. It is considered as one of the most potent antioxidants in saliva.\[[@ref20][@ref21]\] Various experimental studies were carried out to evaluate the impact of dietary lycopene on a number of periodontal variables. The common essence perceptible in these interventional studies was that the ingestion of tomatoes containing natural lycopene improves levels of antioxidants in plasma.\[[@ref22][@ref23]\] However, Hininger *et al*. reported no direct influence of supplementation of β-carotene, lutein, or lycopene on oxidative stress, concluding that carotenoid supplementation does not lead to significantly measurable improvement in antioxidant defenses in apparently healthy participants.\[[@ref24]\]

Green tea, one of the most extensively consumed beverages,\[[@ref25]\] has the highest concentration of polyphenols which have strong antioxidant properties.\[[@ref26]\] Earlier studies have demonstrated that polyphenols reduce MMPs and induce apoptotic cell death of osteoclast, inhibiting bone and tissue destruction in periodontitis.\[[@ref12]\] Tagashira *et al*.\[[@ref27]\] and Sakanaka *et al*. demonstrated that the presence of green tea polyphenols inhibits the cellular adherence of microbes to buccal mucous membrane and growth of *P. gingivalis*. An animal study showed that green tea extract suppresses the onset of loss of attachment and alveolar bone resorption in a rat model of experimental periodontitis.\[[@ref28]\]

Antioxidant effects of lycopene and green tea have been shown to have beneficial effects on periodontal health as it reduces oxidative stress, improves the antioxidant status, and decreases markers of inflammation.\[[@ref29][@ref30][@ref31][@ref32][@ref33][@ref34]\] Green tea and lycopene have proved effective in periodontitis patients when used as topical agents.\[[@ref35]\] Behfarnia *et al*. showed that the green tea chewing gum improved the SBI and approximal PI and effectively reduced the level of Interleukin-1β in participants with gingivitis.\[[@ref36]\] In an *in vitro* study, Gadagi *et al*. revealed a reduction in pocket probing depth and clinical attachment level in the group receiving green tea extract as local drug delivery. Furthermore, prevalence of *P. gingivalis* reduced from baseline (75%) to 4^th^ week (25%).\[[@ref37]\]

In the present study, we found a direct positive correlation between periodontal health and adjunctive antioxidant supplementation (lycopene + green tea extract) with nonsurgical therapy (SRP). Improvement in clinical parameters was found to be statistically significant in both groups following therapy compared to baseline. Although SRP is a standard means of controlling inflammation,\[[@ref38]\] the improvement in test group receiving antioxidant therapy were statistically significant (*P* = 0.001) and greater as compared to the control group.

These results are in accordance with earlier studies which have reported inverse association between periodontal disease and antioxidant (lycopene and green tea) intake.\[[@ref39][@ref40][@ref41][@ref42][@ref43][@ref44]\] Supplementation with lycopene and green tea reported to result in reduction in mean pocket depth,\[[@ref45]\] mean clinical attachment level,\[[@ref45][@ref46]\] bleeding on probing,\[[@ref45]\] and halitosis.\[[@ref47]\]

UA plays a major role as an antioxidant present in the whole saliva.\[[@ref48][@ref49]\] UA levels have been reported to be directly correlated with local and systemic TAC levels.\[[@ref15]\] Earlier studies have proved that chronic periodontitis patients have lower levels of UA.\[[@ref50][@ref51]\] In the present study, we found that supplementation with lycopene and green tea extract resulted in an increase in mean salivary UA levels. In a recent systemic review, Zhang *et al*. concluded that drinking green tea might be positively associated with the serum UA level; however, current literature does not provide enough evidence establishing this hypothesis.\[[@ref52]\] On the contrary, some authors demonstrated inverse relation of UA levels with circulating carotenoids including lycopene\[[@ref53]\] and green tea.\[[@ref54][@ref55][@ref56]\] These results indicate that nonsurgical therapy augmented with antioxidant supplementation resulted in improved clinical parameters and salivary UA levels. Inhibition of plaque formation and reduction in inflammation of gingiva reflects the beneficial contribution of antioxidants and induction of healing cascade in gingival tissues.

CONCLUSION {#sec1-5}
==========

The present study concludes that oral lycopene and green tea extract supplementation is positively associated with salivary UA levels and plays an important role in the management of gingivitis. Although our study emphasized on gingivitis, whose results can be evaluated in 4--6 weeks, further longitudinal studies with larger sample size coupled with other inflammatory markers are required to establish the role of antioxidant therapy in periodontal diseases. Focus should be laid on research and nutritional supplementation of exogenous antioxidants in the management of gingivitis and periodontitis.
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